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Cloud point extraction (CPE) was employed for separation and preconcentration prior to the
determination of nickel by graphite furnace atomic absorption spectrometry (GFAAS), flame atomic
absorption spectrometry (FAAS) or UV-Vis spectrophotometry. Di-2-pyridyl ketone
salicyloylhydrazone (DPKSH) was used for the first time as a complexing agent in CPE. The nickel
complex was extracted from the aqueous phase using the Triton X-114 surfactant. Under optimized
conditions, limits of detection obtained with GFAAS, FAAS and UV-Vis spectrophotometry were
0.14, 0.76 and 1.5 mg L1, respectively. The extraction was quantitative and the enrichment factor was
estimated to be 27. The method was applied to natural waters, hemodialysis concentrates, urine and
honey samples. Accuracy was evaluated by analysis of the NIST 1643e Water standard reference
material.
1 Introduction
Nickel can cause dermatitis, pneumonia, and lung and nose
cancer in humans. The formation of the extremely toxic Ni(CO)4
complex causes giddiness, headache, nausea and vomiting.
Considering the toxic effects, nickel determination is required in
soil, industrial effluent samples and natural waters.1 The Bra-
zilian Environmental Regulation2 and the World Health Orga-
nization3 have established nickel threshold limits of 25 mg L1
and 70 mg L1, respectively, in water samples.
Analytical techniques such as inductively coupled plasma optic
emission spectrometry (ICP-OES),4 flame atomic absorption
spectrometry (FAAS),5 electrothermal atomic absorption spec-
trometry (ETAAS),6 potentiometry with ion-selective elec-
trodes,7 and spectrophotometry8,9 have been used for the
determination of Ni(II) in waters.
Spectrophotometry and FAAS have been widely used for the
determination of toxic metals at trace levels because of the
relatively simple and inexpensive instrumentation.10 However,
ETAAS has been preferred for the determination of trace
elements due to its high sensitivity.11 The analytical capacity of
atomic absorption spectrometry was expanded with the
development of high-resolution continuum source spectrome-
ters.12 All these techniques have been exploited for nickel deter-
mination6,13–15 but analyte concentration and separation from the
sample matrix are often required for trace analysis, aiming at
increasing detectability and elimination of matrix effects and
interferences.16 This task has been carried out by time-consuming
procedures that often generate large amounts of toxic wastes
(e.g., precipitation and solid–liquid extraction).17,18 In addition,
conventional liquid–liquid extraction requires toxic solvents.
Cloud point extraction (CPE) is a more environmentally
friendly alternative sample pretreatment for separation and
preconcentration.19–21 CPE has been used for enhancing sensi-
tivity in organic22 and inorganic23 analyses and it can be applied
to the extraction of analytes from environmental and biological
samples with complex matrixes.23–26 For metal determination,
a reaction with a hydrophobic complexing agent is usually
required.27 The hydrophobic complex is then extracted into
micelles of a non-ionic surfactant, such as Triton X-114, and
separated from the aqueous phase.19,28,29
Di-2-pyridyl ketone salicyloylhydrazone (DPKSH) is a com-
plexing agent which has been used in the spectrophotometric
determination of metal ions, including Fe(II) and Fe(III) in
natural waters,30 Zn in pharmaceutical and biological mate-
rials31,32 and Cu in ethanol fuel.33 Moreover, DPKSH has been
immobilized onto silica gel,34 XAD 2, XAD 735 and IRA 402
resins33 aimed at solid phase extraction and preconcentration of
metallic ions.
In view of its hydrophobic nature and reactivity, DPKSH is
used for the first time in this work as a complexing agent in cloud
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point extraction. The aim of this study was then the development
of a sensitive, selective and environmentally friendly spectro-
metric method of determination of nickel, using DPKSH as
a complexing agent and cloud point extraction. UV-Vis spec-
trophotometry, FAAS and GFAAS were used as detection
techniques and the proposed method was applied for a number
of samples.
2 Experimental
2.1 Apparatus
A Metrohm pH meter (model 713) with a combined glass elec-
trode was used for pH measurements. A Biothec (model
BT40AL) stirring plate with heating and a Quimis Q222TM
centrifuge were used to induce the cloud point and to accelerate
phase separation, respectively.
The GFAAS measurements were performed with a Zeenit 600
(Analytik Jena AG, Jena, Germany), equipped with a hollow
nickel cathode lamp (operated at 4.0 mA, with a spectral band-
pass of 0.8 nm), a transversely heated graphite tube atomizer and
a Zeeman background corrector. Pyrolytically coated graphite
tubes and boat-type solid sampling platforms (Analytik Jena)
were used throughout. Argon 99.998% (v/v) was used as the
purge gas. All measurements were performed using integrated
absorbance (peak area) and carried out in triplicate.
For FAAS measurements a ContrAA 300 high-resolution
atomic absorption spectrometer (Analytik Jena AG, Jena, Ger-
many) equipped with a xenon short-arc lamp (XBO 301, 300 W,
GLE, Berlin, Germany) operating in hot-spot mode as
a continuum radiation source was used. Air acetylene flame was
used for atomization of Ni and the sample aspiration rate was
fixed at 5 mL min1. Other instrumental parameters were
adjusted according to the manufacturer’s recommendation.
A Hitachi U-3000 UV-Vis spectrophotometer was used for
recording absorbance spectra, and UV-Vis measurements were
performed using a Femto 600S spectrophotometer with a 1 cm
reduced volume quartz cell.
2.2 Reagents and solutions
All solutions were prepared with analytical grade chemicals and
deionized water. DPKSH was synthesized according to a proce-
dure reported in a previous paper32 and a 1.0  102 mol L1
DPKSH stock solution was prepared by dissolving appropriate
amounts of the reagent in anhydrous ethanol (Carlo Erba,
Milan, Italy). Solutions of the nonionic surfactant Triton X-114
(Sigma, St Louis, MO, USA) were prepared at the 5% (w/v)
concentration. Buffer solutions (Merck or Sigma reagents) were
prepared from CH2ClCOONa–CH2ClCOOH at pH 2.5 and 3.0;
CH3COONa–CH3COOH at pH 4.0, 4.6 and 5.5; CH3COONH4
at pH 7.0 and (OHCH2)3CNH2–(OHCH2)3CNH3
+ (Tris/HTris+)
at pH 8.0 and 9.5. For determination of Ni by GFAAS,
a chemical modifier solution (0.50 g L1 Pd + 0.25 g L1 Mg) was
prepared by dilution of stocks (Suprapur, Merck). Nickel refer-
ence solutions were prepared by suitable dilutions of a 1000 mg
L1 stock solution (Ultra Scientific, USA).
2.3 Samples
For accuracy evaluation, a standard reference material (SRM) of
Trace Elements in Water NIST 1643e, which was furnished by
the National Institute of Standards and Technology (Gaithers-
burg, MD, USA), was used.
Water samples were collected from the Billings Dam, Sa˜o
Paulo, Brazil. All samples were acidified to pH 2.0 with nitric
acid immediately after sampling in order to prevent adsorption
of the metal ions onto the flask walls and filtered with 0.25 mm
cellulose acetate membranes. The saline concentrates for hemo-
dialysis were prepared according to a procedure previously
described.36 Urine samples were taken directly from healthy
people, put into an acid-washed polyethylene bottle and imme-
diately analyzed. Honey samples were purchased from a local
market and maintained in tightly closed vessels in the absence of
light. The honey sample was diluted by 5% (m/v) in deionized
water to decrease viscosity.
In the UV-Vis spectrophotometric procedure, NaF and
Na2C2O4 were added to the samples at final concentrations of
7.9  103 and 2.7  103 mol L1, respectively, for masking
Fe(III), Al(III), Cu(II), Mn(II) and Zn(II).
2.4 Cloud point extraction procedure and nickel measurements
Different amounts of the sample or reference solutions, 1.70 mL
(UV-Vis spectrophotometry) or 0.34 mL (FAAS andGFAAS) of
5% w/v Triton X-114, 120 mL of 1.0 102 mol L1 DPKSH, and
1.5 mL of acetate buffer 1 mol L1 (pH 4.6), were transferred to
15 mL graduate tubes, which were filled with water up to the
mark. The mixture was left to stand in a water bath at 60 C for
10 min and phase separation was accelerated by centrifugation at
3600 rpm (centrifugal force estimated as 840 g) for 15 min. The
aqueous phase was removed with a Pasteur pipette, and to
decrease its viscosity, the surfactant-rich phase was diluted to
500 mL with ethanol (UV-Vis spectrophotometry) or a mixture of
ethanol and 0.1 mol L1 HNO3 (FAAS and GFAAS) by using
the graduation in the flask. Then measurements by UV-Vis
spectrometry or by FAAS and GFAAS were carried out.
A sliding-bar injector-commutator designed for flow injection
analysis was employed to insert an aliquot of 150 mL of the
diluted surfactant-rich phase in the FAAS nebulizer, as previ-
ously described.29
In the GFAAS measurements, aliquots of 10 mL of the diluted
surfactant-rich phase and 10 mL of the chemical modifier (0.50 g
L1 Pd + 0.25 g L1 Mg) were transferred to a graphite platform
using a micropipette. An optimized temperature program for Ni
determinations after CPE is presented in Table 1.
Table 1 Graphite furnace temperature program for nickel determina-
tion after CPE
Step
Temperature
(C)
Ramp
(C s1)
Hold
(s)
Ar flow rate
(L min1)
Drying 100 5 10 1.0
Pyrolysis 1400 100 10 1.0
Atomization 2400 1100 10 0
Cleaning 2600 100 3 1.0
2430 | Anal. Methods, 2012, 4, 2429–2434 This journal is ª The Royal Society of Chemistry 2012
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A blank solution obtained by the same procedure described
above was measured by the different techniques in parallel to the
samples or standard solutions.
3 Results and discussion
3.1 General aspects
The complexing agent DPKSH was selected for the CPE
procedure due to its hydrophobic characteristics and reactivity
with Ni(II) ions. Triton X-114 (CMC ¼ 3.5  104 mol L1) was
used as the extracting agent in view of the highly convenient
cloud point formation (23–25 C).29
The preconcentration efficiency of the CPE method was esti-
mated using the previously described procedure. The effect of
pH, DPKSH concentration and Triton X-114 concentration was
evaluated by UV-Vis spectrophotometry. Nickel forms
a complex with DPKSH with an absorption maximum at 385 nm
and a molar absorptivity estimated at 34 600 L mol1 cm1.
There was no shift in the wavelength for the maximum absorp-
tion of the complex in the presence of the surfactant.
3.2 Optimization of the extraction procedure
Separation of metal ions by CPE requires the previous formation
of a hydrophobic complex to be extracted to the surfactant-rich
phase. Extraction efficiency then depends on the working pH,
which also plays an important role in selectivity because DPKSH
forms stable complexes with other metal ions, e.g. Zn(II), Fe(II),
Fe(III) and Cu(II).30–33,37
The effect of acidity on Ni(II) complexation with DPKSH and
thus the formation of hydrophobic species was investigated from
pH 2.5 to 9.5 using appropriate buffer solutions (CH2ClCOONa–
CH2ClCOOH at pH 2.5 or 3.0, CH3COONa–CH3COOH at pH
4.0, 4.6 and 5.5; CH3COONH4 at pH 7.0 and Tris/HTris
+ at pH
8.0 or 9.5). The analytical signal increased with pH up to 5.5, as
shown in Fig. 1. At pH 2.5 there is a strong competition between
H+ and metal ions for binding sites such as pyridine group of the
ligand (pKa¼ 2.75). The decrease of absorbance in pHhigher than
5.5 is due to the more favorable hydrolysis of the metal in
comparison to the coordination with DPKSH. These results were
in agreement with those observed in complexation of other metals
withDPKSH.30–33So, a 0.10mol L1 acetate buffer solution of pH
4.6 was used for further experiments.
The effect of DPKSH concentration was evaluated in order to
establish the minimum reagent concentration necessary to yield
maximum sensitivity. According to the results presented in
Fig. 2, DPKSH concentrations from 4.0  105 mol L1 are
enough to attain this goal. To guarantee a molar excess of at least
5-fold of the ligand in relation to the analyte the concentration
was maintained at 8.0  105 mol L1, which corresponds to
382 mg of DPKSH consumed per determination. Measurements
carried out by FAAS and GFAAS indicated that this concen-
tration also yields maximum sensitivity.
The surfactant concentration (Triton X-114) can affect the
extract efficiency in CPE. Accuracy, precision and sensitivity can
be affected if the surfactant concentration is not enough to
guarantee a quantitative extraction. Conversely, an increase in
surfactant concentration can decrease the analytical signal due to
dilution of the extract in the surfactant-rich phase volume.29 In
Fig. 1 Effect of pH on the analytical signal for 1.0 mg L1 Ni(II), with 1.7
 104 mol L1 DPKSH (ethanol 1.7%).
Fig. 2 Effect of DPKSH concentration on the analytical signal for 1.0
mg L1 Ni(II), with acetate buffer pH 4.6.
Fig. 3 Effect of Triton X-114 concentration on the analytical signal after
CPE. Experimental conditions: 20 mg L1 Ni, 8.0 105 mol L1 DPKSH
(ethanol 0.80%), acetate buffer pH 4.6. Surfactant-rich phase diluted with
ethanol to 500 mL.
This journal is ª The Royal Society of Chemistry 2012 Anal. Methods, 2012, 4, 2429–2434 | 2431
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this procedure, the final volume was adjusted to 500 mL before
measurements, and, so, the dilutionwas not relevant. Fig. 3 shows
the influence of Triton X-114 concentration on the analytical
signal as a consequence of changes in the extraction efficiency. By
increasing the Triton X-114 concentration to 6.0 mmol L1, an
increase of analytical signal was observed, but at a concentration
of 10.0mmol L1 the analytical signal did not present a significant
variation.TheTritonX-114 concentrationwas thusmaintained at
8.0 mmol L1 in UV-Vis measurements, and yielded about 300 mL
of the surfactant-rich phase after analyte extraction. The surfac-
tant concentration was 23-fold higher than CMC and its
consumption was estimated at 68 mg per determination.
In FAAS measurements, increasing Triton X-114 concentra-
tion led to a decrease in the transient signal due to the viscosity of
the surfactant-rich phase. In order to circumvent this drawback,
the effect of the Triton X-114 concentration on sensitivity was
also evaluated by FAAS. A 2.0  103 mol L1 Triton X-114
concentration was chosen as a compromise to the CPE efficiency
and the effect on nebulization of the analyte extract in FAAS.
The surfactant concentration was at least 5-fold higher than
CMC and its consumption was 17 mg per determination. The
same Triton X-114 concentration was maintained in the CPE
procedure by GFAAS.
In GFAAS measurements the pyrolysis and atomization
temperatures were investigated in the ranges from1000 to 1800 C
and from 2000 to 2600 C, respectively. Both studies were carried
out in the presence and absence of the chemicalmodifier (5.0mgPd
+ 2.5 mg Mg). Peak shapes, background signals and relative
standard deviations were taken into account for choosing the
proper furnace conditions. Pyrolysis and atomization tempera-
tureswere 1400 Cand 2400 Ceven in the absence of the Pd+Mg
chemical modifier. However, this substance yielded low relative
standard deviations and it was included in subsequent studies.
3.3 Effect of concomitant species
The selectivity of the proposed procedure was evaluated under
optimized conditions using both UV-Vis spectrophotometry and
FAAS detection. The concentrations of the species were based on
the maximum concentration in Water SRM NIST 1643e. The
results reported in Table 2 show that interference is more
significant in UV-Vis spectrophotometry, due to the formation
of DPKSH complexes with maximum absorption close to 385
nm. The Mn(II), Cu(II) and Zn(II) interferences were minimized
by masking with oxalate,1 while Fe(III) and Al(III) were masked
with fluoride.13 Under this condition, the major ions in water
samples did not interfere in nickel determination by the proposed
procedure. FAAS interferences may be attributed only to the
preconcentration step considering cations that react with
DPKSH (e.g. Zn(II)/DPKSH, b2 1.05  1010),38 thus decreasing
the extraction efficiency of the analyte.
Some anions (PO4
3, SO4
2, CO3
2, C2O4
2, HCO3
 and F)
do not interfere even at the highest concentrations evaluated.
Oxalate and fluoride, for example, used as masking agents do not
cause interference even at concentrations 1000- and 5000-fold
higher than Ni(II), respectively.
3.4 Analytical features and application
Analytical curves by UV-Vis, FAAS and GFAAS were obtained
by preconcentration of 10, 3 and 0.5 mL of samples containing
knownNi2+ ions under optimized conditions, with measurements
in triplicate. Linear responses ranging from 2.94 to 29.4 mg L1, 5
to 150 mg L1 and 0.25 to 2.00 mg L1, respectively, were
observed, being described by the equations A ¼ 0.063 + 0.024
C, r¼ 0.992,A¼ 0.0018 + 0.00093C, r¼ 0.999 andA¼ 0.0036 +
0.060 C, r ¼ 0.996, where A is the absorbance measured as peak
height (UV-Vis and FAAS) or as peak area (GFAAS) and C is
the Ni2+ concentration in mg L1.
The detection and quantification limits estimated according to
IUPAC recommendations at the 99.7% confidence level39 were,
respectively, 1.5 mg L1 and 5.0 mg L1 (UV-Vis), 0.76 mg L1 and
2.5 mg L1 (FAAS) and 0.14 mg L1 and 0.47 mg L1 (GFAAS).
The characteristic mass obtained for the analyte under optimized
conditions on GFAAS was 0.73 pg.
The relative standard deviation was estimated to be 2.1% (UV-
Vis), 2.5% (FAAS) and 2.1% (GFAAS) for 12 independent
measurements with 23.5 mg L1, 100 mg L1 and 1.50 mg L1 nickel
solutions, respectively.
The enrichment factor was calculated to be 27 from the ratio of
the slopes of the calibration curves obtained with and without
pre-concentration,40 both in an ethanolic medium.
This procedure was applied to the determination of Ni in
a number of samples with a consumption range from 0.5 to
10 mL, such as dam water (UV-Vis spectrophotometry), saline
concentrates for hemodialysis (FAAS), as well as urine and
honey (GFAAS). Different amounts of nickel were spiked to the
samples and recoveries in the range of 97 to 104% (Table 3)
indicated the absence of matrix effects.
The reliability of this procedure was also evaluated through
the analysis of the SRM NIST 1643e. The results obtained by
UV-Vis spectrometry, FAAS and GFAAS were in agreement at
the 95% confidence level (Table 3).
Analytical features – limit of detection, coefficient of variation,
enrichment factor and sample volume – of the proposed proce-
dure were compared with those attained in previous works
exploring cloud-point extraction (Table 4).14,15,37,41–44 Features
such as sample volume and coefficient of variation are
Table 2 Effect of concomitant species on nickel determination by UV-
Vis and FAAS after cloud point extraction
Species
Concentration
(mg L1)
Signal variation (%)
UV-Visa FAASa
Al3+ 228 1.6c 5.3
Ba2+ 872 1.3 4.8
Ca2+ 5  104 3.8 +3.3
Cd2+ 11 +0.7 1.4
Cr3+ 33 +1.1 1.0
Co2+ 44 +9.0 +0.2
Cu2+ 37 +4.5b 0.5
Fe3+ 157 0.5c 2.7
Pb2+ 32 +1.0 +2.7
Mg2+ 1  104 5.6 4.1
Mn2+ 63 3.6b 3.1
K+ 3  103 2.4 1.9
Zn2+ 126 +2.2b 3.6
a 23.5 and b. 100 mg L1 Ni(II). b After masking with oxalate. c After
masking with fluoride.
2432 | Anal. Methods, 2012, 4, 2429–2434 This journal is ª The Royal Society of Chemistry 2012
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comparable to those obtained. The proposed procedure is suit-
able for different detection techniques and it yields accurate
results for samples of very different composition (Table 3). In
addition, a high enrichment factor was achieved, thus resulting in
lower detection limits.
4 Conclusions
A preconcentration procedure based on cloud point extraction
was developed for fast and accurate Ni determination by UV-
Vis, FAAS andGFAAS. The proposed procedure resulted in low
amounts of the complexing agent and surfactant, thereby making
it an environmentally friendly alternative method for separation
and preconcentration of nickel. For comparison, an analytical
method using a hydrazone (di-2-pyridyl ketone benzoylhy-
drazone – DPKBH), involving conventional liquid–liquid
extraction, consumed 560 mL of sample, 274 mg of complexant
reagent and 10 mL of chloroform per determination.8 Nickel
determination by UV-Vis spectrophotometry was successfully
applied to natural waters even in the presence of potential
interfering species such as Fe(III), Al(III), Cu(II) and Zn(II) ions.
The successful application of the proposed method for Ni
determination in different types of samples, such as water, food
and biological fluids, shows the viability of DPKSH as a com-
plexing agent in the cloud point extraction procedure.
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Table 4 Analytical features of some procedures for nickel
determinationa
Detection
technique
Chelating
agent
LOD
(mg L1)
CV
(%) EF
Sample
volume (mL) Reference
FAAS Magneson I 2.7 1.8 19 25 37
FAAS PAN 6.0 1.9 25 10 15
FAAS Dithizone 1.2 2.3 39 10 14
FAAS TAN 5.0 — 30 10 41
FAAS IYPMI 2.1 3.6 39 15 42
GFAAS DDTC 0.3 8.2 19 9.0 43
UV-Vis ACDA 10 2.8 10 10 44
UV-Vis DPKSH 1.5 2.1 27 15 Proposed
methodFAAS 0.76 2.5 27 15
GFAAS 0.14 2.1 27 15
a ACDA: 2-amino-cyclopentene-1-dithiocarboxylic acid; DDTC:
diethyldithiocarbamate; IYPMI: 3-((indolin-3-yl)(phenyl)methyl)
indoline; PAN: 1-(2-pyridylazo)-2-naphthol; TAN: 1-(2-thiazolylazo)-2-
naphthol; CV: coefficient of variation; EF: enrichment factor; LOD:
limit of detection.
Table 3 Mean values and uncertainties for nickel determination in
different kinds of samples (n ¼ 3)
Sample
Nickel amount (mg L1)
Recovery (%)Added Founda
Water A (UV-Vis) 0.0 10.3  0.3 —
10.0 20.4  0.5 101
20.0 29.7  0.9 97
Water B (UV-Vis) 0.0 15.9  0.7 —
10.0 25.9  0.2 100
20.0 36.2  0.4 101
Hemodialysis 0.0 1.64  0.17 —
Concentrate Ab 40.0 41.0  0.3 102
(FAAS) 80.0 81.4  2.8 102
Hemodialysis 0.0 1.17  0.03 —
Concentrate Bc 40.0 41.8  1.2 104
(FAAS) 80.0 81.1  3.2 101
Urine (GFAAS) 0.0 <LOD —
0.50 0.50  0.09 99.6
1.00 1.01  0.06 101
Honey (GFAAS) 0.0 <LOD —
0.50 0.50  0.03 101
1.00 0.98  0.11 98.5
SRM NIST 1643e
(UV-Vis)
0.0 62.05  0.09 —
SRM NIST 1643e
(FAAS)
0.0 62.46  1.34 —
SRM NIST 1643e
(GFAAS)
0.0 62.45  1.04 —
a Confidence interval 95%. Certified value SRM NIST 1643e: 62.41 
0.69 mg L1. b Ni(II) spiked to diluted hemodialysis concentrate (10%).
c Ni(II) spiked to diluted hemodialysis concentrate (20%).
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